Type 2 diabetes mellitus (T2DM) is a multifactorial disease affecting multiple organ systems.[@bib1], [@bib2] It is characterized by the resistance of cells to insulin, thereby causing hyperglycemia.[@bib3] It is associated with microvascular and macrovascular complications that in the long run can lead to morbidity and mortality.[@bib4], [@bib5]

Lifestyle modifications and monotherapy with oral hypoglycemic agents are generally considered first-line intervention for glycemic control.[@bib5], [@bib6] As the disease progresses, β cells continue to deteriorate in T2DM patients who require effective glycemic control.[@bib7] Most often, the efficacy of monotherapy decreases after a few years of treatment, resulting in ineffective glycemic control, and does not prevent the progression of disease, which requires an additional agent for effective glycemic control.[@bib8] For the successful management of both insulin resistance and β-cell dysfunction, there arises a need for combination therapy with agents having complementary mechanisms of action formulated in a single-dose form called fixed-dose combinations (FDCs).[@bib9] Sulfonylurea with biguanide and biguanide with thiazolidinedione are the most commonly used fixed-dose combinations.[@bib1] A list of approved combination products available in the global market is presented in [Table I](#t0005){ref-type="table"}.[@bib3], [@bib5], [@bib8], [@bib10], [@bib11], [@bib12], [@bib13], [@bib14], [@bib15], [@bib16], [@bib17], [@bib18], [@bib19], [@bib20], [@bib21], [@bib22], [@bib23], [@bib24], [@bib25], [@bib26], [@bib27] The health care professionals should be aware of the role of these products, including their advantages and disadvantages.Table IAvailable FDCs of various oral hypoglycemic agents.Table I.FDCsAvailable DosesMechanism of ActionAcarbose + metformin[@bib5]50 mg/500 mgAcarbose: intestinal carbohydrate digestion is slowed downMetformin: reduces hepatic gluconeogenesisRosiglitazone + metformin[@bib10], [@bib11]4 mg/2 gRosiglitazone: increases insulin sensitivity4 mg/2 gSitagliptin + metformin[@bib12], [@bib13]100 mg/1000 mg 100 mg/2000 mgSitagliptin: stimulates postprandial insulin and suppresses glucagon secretionGlimepiride + metformin[@bib14], [@bib15]1 mg/500 mgGlimepiride: increases insulin secretion from pancreatic β cells2 mg/500 mgGlibenclamide + metformin[@bib14]5 mg/500 mgGlibenclamide: increases insulin secretion from pancreatic β cellsGlyburide + metformin[@bib16], [@bib17]2.5 mg/500 mgGlyburide: increases insulin secretion from pancreatic β cells5 mg/500 mgVildagliptin + metformin[@bib3], [@bib18]50 mg/500 mgVildagliptin: stimulates postprandial insulin and suppresses glucagon secretion50 mg/850 mg50 mg/1000 mgPioglitazone + metformin[@bib8], [@bib19]30 mg/50 mgPioglitazone: increases insulin sensitivityRepaglinide + metformin[@bib20], [@bib21]1 mg/500 mgRepaglinide: increases insulin secretion2 mg/500 mgMitiglinide + metformin[@bib22]10 mg/500 mgMitiglinide: increases insulin secretionEmpagliflozin + linagliptin[@bib23]10 mg/5 mgEmpagliflozin: reduces renal glucose reabsorption25 mg/5 mgLinagliptin: stimulates postprandial insulin and suppresses glucagon secretionGlipizide + metformin[@bib24]2.5 mg/250 mgGlipizide: increases insulin secretion from pancreatic β cells2.5 mg/500 mg5 mg/500 mgRosiglitazone + glimepiride[@bib25]4 mg/1 mgRosiglitazone: increases insulin sensitivity4 mg/2 mgGlimepiride: increases insulin secretion from pancreatic β cells4 mg/4 mg8 mg/2 mg8 mg/4 mgPioglitazone + glimepiride[@bib26]30 mg/2 mgPioglitazone: increases insulin sensitivity30 mg/4 mgGlimepiride: increases insulin secretion from pancreatic β cellsSaxagliptin + metformin[@bib27]5 mg/500 mgSaxagliptin: stimulates postprandial insulin and suppresses glucagon secretion2.5 mg/1000 mg5 mg/1000 mg[^1]

Advantages of FDCs {#s0005}
==================

▪FDCs help in formulating 2 drugs into a single-dose form, thereby minimizing the medication burden to the patient.▪The relative adherence rates of T2DM patients can be improved.▪FDCs improve glycemic control, showing better efficacy.[@bib5]▪Medical expenditures due to hospitalization can be reduced.[@bib28]▪It decreases the frequency of drug administration in patients with T2DM.[@bib29]▪It prevents polypharmacy.[@bib18]

Disadvantages of FDCs {#s0010}
=====================

▪Dose titration will be difficult.▪A patient who is satisfied taking separate medications may not switch to FDCs.▪There may be an increase in the number of adverse drug reactions (ADRs).[@bib28]▪The combination may affect the bioavailability of agents.[@bib22]

The objective of this review was to analyze the use of FDCs in glycemic control and their efficacy, safety, and bioavailability in patients with T2DM.

Material and Methods {#s0015}
====================

A comprehensive literature search of PUBMED, Scopus, ScienceDirect.com, ProQuest, SpringerLink, clintrials.gov, Embase, and EBSCO using the key words FDCs, combination therapy, T2DM management, and add-on therapy was conducted. The search resulted in the collection of 128 articles. The search was narrowed down to original research articles on FDCs in T2DM. Editorial letters, reviews, case report studies that included \<30 patients in the study, and articles related to studies in the special population (patients with comorbidities, pregnancy, and lactation) were excluded. The search was restricted to the articles published in English. The search on FDC therapies was concentrated on their efficacy, safety, tolerability, bioequivalence, adherence, and compliance. Of the 58 appropriate articles collected, 36 were included based on the criteria that the studies were conducted in patients with newly diagnosed T2DM and known cases of T2DM with increased fasting plasma glucose (FPG) levels, increased glycosylated hemoglobin (HbA~1c~) levels, and increased post-prandial blood sugar levels in the age group of 18 to 80 years. The articles were included irrespective of the sex and race in which the studies were conducted. The various methods used in the studies include open-label, prospective, retrospective, randomized, nonrandomized, double-blind, parallel, placebo-controlled, noninterventional, and crossover studies.

The study characteristics such as author, year of publication, type of study, population size, baseline HbA~1c~, FPG values, and outcomes such as efficacy and safety of FDCs were noted and checked. The systematic review protocol is represented in [Figure 1](#f0005){ref-type="fig"}.Fig. 1Systematic review protocol.Fig. 1.

Results and Discussion {#s0020}
======================

The effect of FDCs in the treatment of T2DM was addressed by 9 studies, 2 of which were prospective, 1 was observational, and 7 were randomized, double-blind, parallel studies. The outcomes monitored were HbA~1c~, FPG, and ADRs. An open-label, prospective, multicenter observational study conducted by Ved et al[@bib3] in 2012 on 300 patients with T2DM treated with vildagliptin and metformin FDC showed a highly significant decrease in FBG, postprandial glucose (PPG), and HbA~1c~ values from the baseline at the end of 3 months. The study results showed that FDC of vildagliptin and metformin was effective in reducing the daily dose of insulin in patients with T2DM[@bib3] and no data regarding the ADRs was reported.

A large prospective study comprising of 9364 people with T2DM was carried out by Saboo et al[@bib30] between the years 2010 and 2012. This open, prospective, multicenter, single-arm, noninterventional study concentrated on the safety and efficacy of acarbose and metformin FDCs. Patients aged older than 18 years of age with T2DM were treated with acarbose (25/50 mg) and metformin (500 mg) FDC for 12 weeks and PPG, HbA~1c~, fasting blood glucose, and body weight were measured. The study showed that there was a significant decrease in FBG, PPG, HbA~1c~, and body weight from baseline. The most common ADR was flatulence, and only 5 patients experienced hypoglycemia during the study. The physicians were asked to rate their overall satisfaction as satisfied or not satisfied and tolerability as poor, fair, good, or excellent. Of the patients, 91.8% showed excellent to good tolerance according to the physician's assessment. In conclusion, this study states that the acarbose and metformin FDC was found to be efficacious, safe, and well tolerated by the patients. However, this study has the limitation of not being placebo controlled or blinded as it was planned for postmarketing surveillance.[@bib30]

A 24-week observational study performed by Rombopoulos et al[@bib18] in 2014 reports about the treatment compliance with the vildagliptin and metformin FDC compared with metformin monotherapy. Of the 659 patients enrolled, medication adherence of 98.9% was found in the FDC group compared with 84.6% in the monotherapy group, but the reduction in HbA~1c~ values was not significant between the groups.[@bib18] A randomized, double-blind, parallel study conducted by Wang et al[@bib5] in 2013 states that acarbose and metformin significantly reduce HbA~1c~, FPG, and PPG from baseline (*P* \< 0.0001). Furthermore, this study emphasized the reduction in body weight without a significant risk of hypoglycemia. A 26-week, double-blind, parallel study by Rosenstock et al[@bib31] comparing 655 patients with inadequately controlled T2DM treated with the alogliptin and pioglitazone FDC yielded similar reduction in values of HbA~1c~, FPG, and PPG.

In another randomized, double-blind study carried out by González-Ortiz et al[@bib14] comprising of 152 patients divided into 2 treatment arms, in which 1 group was treated with the glimepiride and metformin FDC and other with the glibenclamide and metformin FDC. Greater efficacy in lowering HbA~1c~ and FPG was observed in the glimepiride and metformin group compared with the glibenclamide and metformin group. Compared with the glibenclamide group, the glimepiride group showed a lower incidence of hypoglycemia.

A first randomized, double-blind, phase 3, parallel study was conducted by Lewin et al[@bib23] during the years 2011 through 2013 to determine the safety and efficacy of the empagliflozin and linagliptin FDC as initial treatment in patients with T2DM. The study led to a clinically significant reduction in HbA~1c~ in subjects whose baseline values were ≥8.5% compared with the subjects whose baseline values were ≤8.5%. The combination is likely to decrease the weight of the subjects by promoting urinary glucose excretion. None of the subjects included in the study reported confirmed hypoglycemia. The combination was well tolerated, with few patients experiencing a urinary tract infections, genital infections, and hypersensitivity reactions as ADRs of mild to moderate intensity.

A randomized, double-blind, parallel, 16-week multicenter clinical trial was conducted by Chien et al[@bib16] in 2007 to evaluate the safety and efficacy of glyburide and metformin. The study reported a significant decrease in HbA~1c~ and FPG values (*P*\<0.0001) in patients treated with FDCs when compared with monotherapy. Of patients in this study, 14.3% reported hypoglycemia. A higher incidence (15.4%) of nervous system side effects such as dizziness and confusion were reported in patients treated with FDCs compared with monotherapy. he study duration was too short to provide information regarding long-term safety. The article states that the combination was well tolerated with improved adherence by simplifying dosage regimen.

In the same year, a 24-week, randomized, double-blind, placebo-controlled study was conducted by Goldstein et al[@bib12] to evaluate the effect of the combination therapy of sitagliptin and metformin in patients with T2DM. This study also showed a significant reduction in HbA~1c~ with a lower incidence of hypoglycemia. The patients experienced gastrointestinal ADRs such as abdominal pain, nausea, vomiting, and diarrhea, the incidence of which was similar to the monotherapy group. In conclusion, this combination reduced hyperglycemia significantly with a tolerability profile similar to that of monotherapy with metformin. Another retrospective study conducted by Barner et al[@bib6] from 2004 to 2007 states that an FDC of pioglitazone and metformin improved the patient adherence compared with low-dose combination therapy.

A randomized, double-blind study conducted by Derosa et al[@bib32] found that patients treated with a rosiglitazone and metformin FDC for 12 months showed a significant reduction in blood pressure and blood sugar levels. Two randomized, open-label studies conducted by Chang et al[@bib33] and Migoya et al[@bib34] in the years 2012 and 2010 states that FDCs of dapagliflozin and metformin and of sitagliptin and metformin are bioequivalent to the concomitant doses administered as individual components.

A comprehensive systematic review of all the publications suggests that FDCs of oral hypoglycemic agents significantly reduce HbA~1c~ and FPG values, thereby efficiently reducing hyperglycemia in patients who fail to achieve glycemic control with monotherapy. However, there are some limitations for FDCs such as difficulty in dose titration and stability problems between the drugs leading to incompatibilities. Study design, intervention, outcomes, and safety of FDC use in T2DM was shown in [Table II](#t0010){ref-type="table"},[@bib3], [@bib5], [@bib10], [@bib12], [@bib14], [@bib16], [@bib18], [@bib23], [@bib30], [@bib31] and bioavailability of FDCs is shown in [Table III](#t0015){ref-type="table"}.[@bib33], [@bib34]Table IIStudies reporting the use of FDCs in T2DM patients.Table II.AuthorType of studyInterventionOutcomesSafetyVed et al[@bib3] (2016)N = 400, open label, prospective, nonrandomized, multicenter, observational study, 3 monthsVildagliptin (50 mg) + metformin (500, 850, 1000 mg) as FDCMean value for FBG, PPG, and HbA~1c~ were significantly reduced after treatmentNot reported in this studyRombopoulos et al[@bib18] (2014)N = 366, multicenter, observational study, 26 weeksVildagliptin (50 mg) + metformin (850 mg) as FDCIt resulted in a greater reduction in HbA~1c~ compared with free-dose combination; the patients with FDC were more compliant than with free doseNot reported in this studyLewin et al[@bib23] (2013)N = 273, phase III, randomized, double- blind, parallel group, 52 weeksEmpagliflozin (25, 10 mg) + linagliptin (5 mg) as FDCReduction in HbA~1c~ was significantly greater with FDC compared with individual componentsThe incidence of ADRs such as UTI, genital infection, were more with empagliflozin 25 mg + linagliptin 10 mg compared with the other compared with the other group but were tolerable with medicationWang et al[@bib5] (2012)N = 233, randomized, double-blind, parallel group, 16 weeksAcarbose (50 mg) + metformin (500 mg) TDS as FDCThe combination significantly reduced FBS, HbA~1c~, and PPPG with superior efficacy compared with monotherapyNo hypoglycemia was reported. Mild ADRs such as flatulence and diarrhea were reported in the FDC groupSaboo et al[@bib30] (2012)N = 9364, open label, prospective, multicenter, single arm, 12 weeksAcarbose (25, 50 mg) + metformin (500 mg) as FDCSignificant reductions in body weight, FBG, PPG, HbA~1c~ in the FDC groupEfficacy and tolerability were rated as good and excellent, with no significant risk of hypoglycemiaRosenstock et al[@bib31] (2010)N = 655, double-blind, parallel group, randomized, 26 weeksAlogliptin (25 mg + pioglitazone (30 mg) QD as FDCThe combination produced greater reductions in HbA~1c~ and FPG than either component monotherapyThe incidence of adverse events was higher compared with monotherapy with alogliptin 25 mg; they were headache, back pain, and UTI. An incidence of mild hypoglycemia was recorded in the FDC group.González-Ortiz et al[@bib14] (2008)N = 152, randomized, double-blind, multicenter, 12 monthsGlimepiride (1 g) + metformin (500 mg), 2 tablets QD as FDCGlimepiride and metformin group showed a greater reduction in FPG, PPBS, and HbA~1c~ compared with glibenclamide and metforminMild to moderate hypoglycemia was noted in glimepiride group, which was lower in incidence compared with glibenclamideGoldstein et al[@bib12] (2007)N = 1091, randomized, double-blind, parallel group, 24 weeksSitagliptin (50 mg) + metformin (500, 1000 mg)There was a significant reduction in HbA~1c~ and FPGThe incidence of hypoglycemia and gastrointestinal side effects was higher in the high-dose metformin group. Treatment was generally well tolerated.BID as FDCChien et al[@bib16] (2007)N = 100, multicenter, randomized, double-blind, parallel group, 16 weeksGlyburide (2.5, 5 mg) + metformin (500 mg) as FDCFDC had a greater reduction in FPG, HbA~1c~ compared with monotherapy. The FDC also improved adherence in patients.The combination was efficacious and well tolerated, and the incidence of gastrointestinal ADRs was lower compared with monotherapy.Bailey et al[@bib10] (2005)N = 568, 24 weeks, multicenter, randomized, double blind, parallel group studyRosiglitazone 4 and 8 mg; metformin 2 g increased to 3 g at the time of treatmentThe FDC showed a significant improvement in HbA~1c~, FPG values compared with patients treated with a high dose of metformin, ie, 3 g/dIt was well tolerated with a lower incidence of diarrhea, abdominal pain compared with the metformin group.[^2]Table IIIBioavailability for FDC Combinations of T2DM.Table III.AuthorStudy DesignInterventionOutcomeChang et al[@bib33] (2015)N = 72, open-label, randomized, 4-arm crossover studyDapagliflozin + metforminThe FDC of dapagliflozin and metformin was bioequivalent to individual components both in fed and fasted states.i.(5 + 500) mgii.(10 + 1000) mgMigoya et al[@bib34] (2010)N = 48, randomized, open-label, 2-period, crossover studySitagliptin + metforminThe FDC combination showed significant reduction in HbA~1c~ and was bioequivalent to individual tablets administered concomitantly in some doses.i.50 + 500 mgii.50 + 1000 mg[^3]

Summary {#s0025}
=======

The present systematic review of FDCs of various oral hypoglycemic agents suggests that these are beneficial to patients with T2DM in order to achieve their target glycemic levels by effectively controlling hyperglycemia. The review also suggests that the most widely used component of FDCs is metformin with other OHAs such as glimepiride, pioglitazone, rosiglitazone, acarbose, and sitagliptin. Studies on FDCs without metformin as one of the components were found to be fewer in number.

The pharmacokinetic studies on FDCs suggest that these drugs are bioequivalent to the individual components that are coadministered in the same doses, which in turn facilitates the formulation of a single-dose form, thereby reducing the economic burden on patients and increasing patient medication adherence. As FDCs help to reduce hyperglycemia efficiently, the long-term complications of diabetes can be minimized in these patients and thus improve the quality of life of these patients. A search restricted to English-language articles is a limitation of this review.

In conclusion, the favorable effects of FDCs and lack of increased incidence of adverse effects could play an important role in decreasing the increasing global incidence of hyperglycemia due to T2DM compared with dual therapy with individual components.
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[^1]: FDCs = fixed-dose combinations.

[^2]: ADRs = adverse drug reactions; FBG = fasting blood glucose; FBS = fasting blood sugar; FDC, fixed-dose combination; PPBS = post prandial blood sugar; PPG, postprandial glucose; TDS = three times a day; UTI, urinary tract infection.

[^3]: FDC = fixed-dose combination; T2DM, type 2 diabetes mellitus.
